a b s t r a c t
A significant association between plasma oxytocin (OT) levels and depression has been demonstrated. A recent study found that sexual activity and mating with a female induced the release of OT in the central nervous system of male rats. Here we examined the effect of mating behavior on depression-related behavior in wild-type (WT) and OT receptor-deficient (OTR KO) male mice. The WT males showed a reduction in depression-related behavior after mating behavior, but the OTR KO mice did not. Application of an OTR antagonist inhibited mating behavior-induced antidepressant effect in WT males. OT may mediate the antidepressant effects of mating behavior.
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Oxytocin (OT) acts as a neurotransmitter/neuromodulator to regulate a diverse range of central nervous system (CNS) functions in both males and females, including emotional (Neumann, 2008), parental (Numan and Insel, 2003) , affiliative (Insel and Shapiro, 1992) , and sexual (Argiolas and Gessa, 1991) behaviors, as well as spatial and social memories (Tomizawa et al., 2003; Bielsky and Young, 2004) . OT is an important regulator of sexual function (Argiolas and Melis, 2004) , anxiety (Ring et al., 2006) , and stresscoping circuitries (Neumann et al., 2000; Ebner et al., 2005; Huber et al., 2005) in male rats and mice. Moreover, several studies have demonstrated a significant association between plasma OT levels and major depressive disorders in both humans and animals. An increased concentration of OT in plasma is negatively correlated with symptoms of depression (Scantamburlo et al., 2007) , and plasma OT levels are significantly lower in patients with major depression at night, when the influence of daily activities is reduced (Frasch et al., 1995) . Moreover, OT produced a robust reduction in duration of immobility, characteristic of an antidepressant effect in male mice (Arletti and Bertolini, 1987; Ring et al., 2010) .
Sexual activity and mating are accompanied by a high level of arousal, however, anecdotal and experimental evidence demonstrates that sedation and calmness are common in the postcoital period in humans (Carmichael et al., 1987; Krüger et al., 2002; Brody, 2006) . A recent study showed that sexual activity and mating in male rats mediate anxiolysis by the release of OT in the CNS, * Corresponding author. Tel.: +81 86 235 7105; fax: +81 86 235 7111. E-mail address: matsuihi@cc.okayama-u.ac.jp (H. Matsui). specifically within the hypothalamic paraventricular nucleus (PVN) (Waldherr and Neumann, 2007) . These results imply that OT may mediate the antidepressant effect of sexual activity and mating behavior in male mice. To test this notion, we examined the effect of mating behavior on depression-related behavior in wild-type (WT) and OT receptor-deficient (OTR KO) male mice.
OTR KO mice (T583) were purchased from Deltagen (San Mateo, CA). Originally an equal mix of the C57BL/6 and 129X1/SvJ strains (RW4 embryonic stem cell line), they have been repetitively backcrossed for 4 generations with C57BL/6 mice (from Deltagen). No mRNA was detected in the amygdala of the KO mice using the Real-time PCR method (TaqMan Gene Expression Assay, Assay ID; Mm01182684 m1, Applied Biosystems). The WT males used were littermates. WT and OTR KO male mice (10-13 weeks old) and C57BL/6 virgin female mice (10-13 weeks old) were used for all experiments. Depression-related behavior was tested with the forced swim test (FST) as described previously (Lira et al., 2003; Weisstaub et al., 2006; Tomida et al., 2009) . Briefly, males were made to swim once for 6 min the day before the FST as preconditioning. After 24 h, each mouse was forced to swim for 6 min and the duration of immobility in the last 3 min was scored. Mating behavior and non-mating behavior experiments were performed as described (Waldherr and Neumann, 2007) . Briefly, for non-mating behavior experiments, a male was placed with a female into a cage partitioned by a perforated acrylic wall allowing auditory, visual and olfactory communication, but not physical contact, for 1 h in the light phase (16-35 lx). For mating behavior experiments, a male was placed with a female for 1 h in the light phase (16-35 lx), and mating behavior was confirmed based on observations of mount-
